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By Charles J. DonLan and Joseph  Weil 
INTRODUCTION 
Progress is being  made  in  subjecting  to  systematic  study ame of 
the many important factors  affecting  the  behavior  of  awept  wings at 
high  speeds. In this paper are  presented some of the  results  of  recent 
swept-wing  investigations that were  undertaken  to  determine  the  effects 
of thickness and thickness  distribution, caber and twist,  nose-flap 
deflection, and devices or nfixes*' for improving the wing pitching- 
moment  characteristics  at  high lift coefficients. 
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c 
A sweep angle 
%/4 sweep of quarter-chord l i ne  
hLF sweep of leading edge 
Sn nose-flap deflection 
E m C T  OF TEICKNESS AWD THICKNESS DISTRIBUTION 
Lift-Curve Slopes 
Wings of aspect ratio 3.5.- The lift-curve slope i s  a useful index 
f o r  comparing different  wings because it gives .a   direct . indicat ion of 
lift effectiveness and has an important influence on the drag due t o  
lift for  th in  swept wings having l i t t l e  leading-edge suction. In fig- 
u r e  1 are shown the  results of a study  of  the  ffects of thicknes.6 and - 
thickness distribution on the lift-curve slope (average slope fram 0 
t o  O . k , )  for various Mach numbers fo r  a 47O sweptback wing of aspect 
. . .  
- <--- 
r a t i o  3.5 and taper  ra t io  0.2. The data up t o  a Mach number of 1.15 
were obtained in  the Langley 8-foot high-speed tunnel (reference 1); the 
data a t  M = 1.6 were obtained with the same model i n  the Langley &-foot 
supersonic pressure tunnel (unpublished). The fuselage was a cylindrical  
body with an ogival nose that was j u s t  large enough t o  house the strain- 
gage balance. Variations i n  uniform thickness ratio for these wings 
indicate only minor differences Fn the lift-curve slope and a l l  wings 
possess regular although rapid variations in   the  t ransonic  speed range. 
I n  the laser par t  of figure 1, a comparison has been made of t h e   l i f t -  
curve slopes of a wing with a constant thickness ratio of 6 percent and 
one having a 6-percent- t~ck  sect ion Over on ly  the outboard 69 percent 
of the semispan. The root was thickened t o  12 percent and tapered t o  
6 percent a t  the 40-percent semispan station. It is of interest  that  
the tapered-in-thickness wing having a thickness ratio a t  the fuselage 
juncture of about.10 percent does not show any sudden losses  in  l i f t  i n  
t h i s  range. The theoretical  variation of the lift-curve slope (refer- 
ences 2 t o  4) has been added to indicate the confidence with which the 
data can be fa i red   in   the  Mach number range fo r  which data were 
unavailable. 
" 
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Wings of aspect ratio 6.- A n  indication of the influence of aspect 
n r a t i o  on this thickness effect  is afforded Fn figure 2.  The da ta  for  
7- by 10-foot  high-speed  tunnel. (See reference 5.) For this  aspect  
r a t i o  and sweep angle, it is apparent that'a thicknes's r a t i o  of 9 per- 
cent was not   suf f ic ien t   to   avoid   losses   in   l i f t  in the transonic range, 
although the losses are nowhere near's0 severe as those encountered witb 
the 12-percent-thick wing; however, it will be no:ed on the lower par t  
of th i s   char t   tha t  a tapered-in-thickness wing having a 9-percent-thick 
root section and. a 3-percent-thick t ip   sec t ion  was f ree  of these losses 
and possessed characterist ics similar to the constant &percent-thick 
wing. It appears, therefore, that 8- thickening a t  the root of a 
swept wing can be tolerated, provided the outer panel of the wing i s  
thb enough. 
i the wing of  aspect  ratio 6 were obtained from bump t e s t s  in the Langley 
It has been obsemed that the developmeqt of lift-slope "buckets" 
such as those shown for the  9- and 12-percent-thick.wings occurs because ' 
or' a breakdown i n  flow Over the outer wing panel. Consequently, swept 
wings of high  aspect  ratio  having  this  characterist ic are l i ke ly  also 
t o  have undesirable pitching-moment effects a t  l o ~  lift coefficients as 
slopes are shown in f igure 2. The wings exhibit ing the very erratic 
pitching-moment behavior a t  M = 1.0 are seen t o  be the same wings that 
reveal a bucket-type lift-curve-slope variation ia t h i s  range. The 
slopes of the curves of pitching moment a g a i n s t   l i f t  are plotted f o r  
different  Mach numbers i n   t h e  l m r  l e f t  part of  the figure to provide 
an indication of the  range Over which t h i s   d i f f i c u l t y  experienced. 
The .location of' the  lateral center of  pressure i s  platted  against  Mach 
m b e r   i n   t h e  lower r ight  par t  of figure 3. The inboard movement of the 
lateral center of  pressure in   t he   v i c in i ty  of Mach number 1 for   the  9- 
and 12-percent-thick w i n g s  i s  evidence tha t  the  losses i n  lift are 
occurring over the outer panels of these wings. It will be noticed that 
t h i s  behavior did not occur on either the 6-percent-thick wing or  the 
9 t o  3 percent tapered-in-thickness wing. 
b i l lus t ra ted   in   f igure  3. These are the same wings f o r  which l if t-curve 
Effect  of Sweep Angle.- The effects  of thidmess on the l if t-curve 
slope are, of course, influenced by sweep angle as well as by aspect 
ra t io .  Although systematic data on this e f fec t  are scarce, some idea 
of the interdependency of these factors can be obtained from figure 4. 
This figure flzrnishes a convenient guide for estimating those combi- 
nations of aspect ratio, thickness ratio, and sweep angle that are 
l i k e l y   t o  provide a smooth variation in lift-curvz slope through the ' 
transonic range. The preferred combinations of t3ese factors are those 
f a l l i ng  in ' the cross-hatched regions below the l ines  of  constant sweep 
experimental data but the boundary f o r  45O sweep is only qualitative. 
Attention is  called t o  the fact  that  the streamwise thickness ratio 
b angle. The b o e a r y   f o r   t h e  zero-sweep l ine  i s  w e l l  established from 
F 
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constituting the abscissa of this  char t  may be the root-mean-square 
value for a wing that is  tapered i n  thickness and plan form. 
Minimum D r a g  
Wings of aspect ratio 6.- Data obtained from rocket-model investi- 
gations (reference 6 and unpublished) sharing the effects of thickness 
and thickness distribution on minimum drag are presented in figure 5. 
A l l  wings were of aspect ratio 6, taper  ra t io  0.6, and were tested on a 
parabolic body. For purposes of comparison, the bdy drag has  been sub- 
tracted and the m i n i m u l h  drag of the wing-fuselage combination less 
fuselage is  presented. Although some mutual interference effects are 
undoubtedly present a t  Mach numbers c lose  to  1, it is. believed that at  
M = 1.25 these interference effects are small. Therefore, a t  t h i s  Mach 
number, the drag is  cross-plotted against the square of the root-mean- 
square thickness ratio of these wings. It appears from th is  p lo t  tha t  
the wings with the thickness modifications are probably contributing an 
amount of drag consistent with their weighted thickness. 
Wings of  aspect  ratio 3.5.- Another  thickness and thickness-distri- a 
bution study has been completed a t  transonic speeds in the Langley 8-foot 
high-speed tunnel (reference 1) and the Langley &foot supersonic pres- 
sure tunnel (unpublished) and the results are presented in figure 6. 
These are the same wings fo r  which lift-curve slopes were presented i n  
figure 1. The wing-fuselage minus fuselage drag coefficients (WF-F) 
show the expected increases with thickness ratio. A cross plot of the 
da t a   a t  Mach number 1.6 again demonstrates that   the wing with the 
thickened root i s  contributing an amount of drag consistent with i ts  
weighted thickness. The reason for  the  delayed drag r i s e  of the wing 
with the thickened root is not understood. It may be that ,  even with 
the small fuselage used on t h i s  model, favorable interference effects 
were encountered. 
A study of the effect of sweep angle on the characterist ics of the 
&-percent wing of t h i s  family has also been made and the minimum drag 
resul ts  for  the wing-fuselage less fuselage combination are given in  
figure 7. The resul ts  ref lect  the expected changes with sweep angle 
insofar as drag rise i s  concerned. O f  some interest  i s  the fact  that  
the drag rise fo r   t h i s   s e r i e s  of wings seem to  have occurred a t  just 
about Mach number 1, as contrasted with the aspect-ratio-6 wings which 
showed generally increasing drag coefficients up t o  Mach number 1.4. 
The calculated pressure-drag vartation as aetermined fran linear- 
theory charts (references 7 and 8) is  shown fo r  each of the swept wings. 
Even when adjusted to account for   f r ic t iona l   e f fec ts  as was done here, 
it is evident that these theoretical variations supply an inadequate 
guide for estimting the magnitude of the maximum drag rise that occurs 
at slightly supersonic Mach numbers. 
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Correlation of minimum-drag results.- Inasmuch as the excess of 
# 
thrust  over &rag for a jet-powered airplane equipped with afterburning 
may be c r i t i c a l   a t  Mach numbers Just  above 1, a howledge of the drag 
i n  this region i s  especially important. It has been observed tha t  a 
number of wings of aspect r a t i o  4 possess the characteristics exhibited 
by the wings of aspect ratio 3.5; tha t  i s ,  that the mimum pressure- 
drag rise occura very close t o  M = 1. A correlation of this drag r ise  
i n  the vicini ty  of M = 1 has been made for  a number of wfnge of aspect 
r a t io  about 4 by using an empirical approach o u t l h e d  i n  reference 9 and 
the results are shown in f igure 8. The l ines  are  those given by the 
empirical formula at the top of the chart where the thickness i s  taken 
in the stream direction. The points represent data fran the indicated 
sources. That sorae ordlerly variation seeme t o  ex is t  f o r  the pressure- 
drag r i s e  i n  the vicini ty  of M = 1 seems evident but whether such 
correlations can be extended t o  other aspect ratios o r  even t o  other 
sections must awdt further  study. I 
-6 
Pitching-Moment Behavior 
Innumerable low-speed investigations have demonstrated the instal-  
b i l i t y  occurring a t  high and even moderate l i f t  coefficient f o r  those 
combinations of sweep and aspect r a t i o  that may otherwise be a t t rac t ive  
from perfoMnance considerations. It may be of in te res t  t o  examine the 
effects  of Mach  number on th i s  pitching-mcment behavior (fig. ,9) .  The 
wings of aspect ratio 6 were tes ted on the transonic bump in   the Langley 
high-speed 7- by 10-foot tunnel (reference 5 )  and both were tapered in 
thickness as indicated, although thickness distribution has been found 
t o  have l i t t l e  e f fec t  on the   par t icular   character is t ics  under discussion. 
The wings of .aspect mtio 4 were investigated i n  the Langley 8-foot high- 
speed tunnel (reference 10). ,It is seen that the aeverity of the 
pitching-moment reversal i s  lessened and delayed t o  higher lift coef- 
f icients as the transonic range is  negotiated. O f  par t icular  importance 
i s  the rearward movement of the aerodynamic center a t  transonic apeeds 
which tends  to  minimize the importance of  the pitching-mament changes 
that are eventually encountered at high lift coefficients. It would 
appear, therefore, that, a0 far  as  the pitching-moment behavior i s  con- 
cerned, the most c r i t i c a l  speed regime f o r  high-aspect-ratio swept wings 
is l ike ly  t o  be a t  high subsonic Mach numbers where the pitching-moment 
characterist ics are similar t o  those encountered a t  low speeds. Of 
course, tail-on tests w i l l  be required before any such conclusion can be 
stated  with  certainty. 
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METHODS FOR IMPROVING PERFOSNNCE AND STABILITY 
Perf oxmance 
T w i s t  and camber.- The use of t d s t  and cmber has been explored 
as one method of improving both  the  stabil i ty and performance of swept 
wings. Some resul ts  of one investigation of t h i s  kind are shown i n  f ig -  
ure 10. This investigation was conducted in the 12-foot preseure tun- 
ne l  a t  t he  Ames Laboratory a t  a Reynolds number of two million. (See 
reference 11.) Both wings were of identical  plan form. One had an 
NACA 64A010 section perpendicular to the quarter-chord line, whereas the 
other had an mACA 64~810 section perpendicular t o   t h e  quarter-chord l i ne  
and was washed out a t  t h e  t i p  as indicated. Insofar as any improvement 
i n  pitching-moment behavior is concerned, the cambered and twisted wing 
was not much be t te r  thrtn the basic wing a t  M = 0.85 and a t  M = 0.94 
it w a s  worse. From t h i s  and other investigations, it appears that some- 
thing more than camber and twist is needed t o  improve the high-speed 
pitching-moment behavior of swept wings a t  high lif't coefficients. To 
a certain extent, however, the study of this  problem is complicated 
because a t  low speeds those wings which poseess a f a i r l y  large amount of 
camber and twist show large Reynolds number effects.  For high-speed 
investigations, the Reynolds numbers have been relat ively low.  It i s  
evident, however, that ,  a t  t h i s  Reynolds number a t  least, a substantial  
improvement i n  performance a t  M = 0.85 resulted from-the use of  camber 
and twist even though fo r   t h i s  wing the beneficial  effect  had vanished 
a t  M = 0.94. 
It has been possible   to  twist and camber wings for  improved per- 
formance a t  supersonic speeds, although specific examples of t h i s  kind 
are admittedly few. Figure 11 presents the maximum l if t-drag ratios 
obtained f.or three wings designed from lifting-surface considerations 
specifically for operation at supersonic speeds. The aspect-ratio-3 
wing was tested on the transonic bump a t  a Reynolds number of about 
one million and was designed for  a uniform pressure loading for a lift 
coefficient of 0.25 a t  a Mach  number of 1.1 (reference 12). The aspect- 
ratio-3.5 wing was desfgned fo r  a uniform loading a t  a lift coefficient 
of 0.25 a t  a Mach number of 1.53 and was tested i n  the Ames 6- by &foot 
supersonic tunnel at Reynolds numbers up t o  3.5 million (reference 13). 
The arrow wing was tested  in  the Langley 9-inch supersonic tunnel and 
was designed fo r  = 0. X) . a t  M = 1.62 (reference 14). For each 
of  these twisted and cambered wings a comparison with the corresponding 
f l a t  wing was available. It i s  evident that some improvement waa 
obtained throughout the Mach number range, a t  least for   the Reynolds 
numbers of the tes te .  In fact, the configuration8 with aspect ratio 3.5 
and 2.6 represent the highest lift-drag ra t ios   tha t  have been obtained 
i n  their respective Mach  number ranges for purely swept wings. The 
c z i  
t 
4 
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results  for  the  aspect-ratio-3 wing are  f o r  wing-alone data and the 
values o f  the   l i f t -drag  ra t io   are  merely indicative of w h a t  might be 
accomplished. 
Nose flaps.- One convenient device f o r  studying camber effects  i s  
the nose flap. Preliminary t e s t s  h v e  been made t o  explore .the use of 
nose f laps   a t   t ransonic  speeds and the results obtained with a small 
semispan model i n  the Langley high-speed 7- by 10-foot tunnel (unpub- 
l ished) are shown in , f igu re  12. The r a t io  
that  the advantages of  nose droop alone essentially disappeared at - 
M = 0.975; however, with 3.5' of washout, the beneficial  effects of 
nose-flap  deflection were apparent a t   the   highest  Mach number f o r  which 
data were available. 
BL/D)IcL] 6 p./.,-.l,, .indicates 
S tab i l i t y  
Regardless of the improvements in performance that some of the 
modifications discussed may lead to, the problem of i n s t ab i l i t y   a t   h igh  
lift coefficients is s t i l l  the one f o r  which it is  most d i f f i c u l t  t o  
find a successful solution. Inasmuch as the use of leading-edge slats 
has been found t o  be an unattractive method f o r  wercaming pitching- 
moment d i f f i cu l t i e s  a t  high speeds, a considerable amount of  research 
is being dev'oted t o  other methods of improving the high-speed, high-lif t  
s tabi l i ty   characte ' r is t ics  of  swept wingB. 
Fences and chord-extensions.- Most of the progress that has been' 
made i n  improving the pitching-moment characterist ics of  swept w i n g s  80 
far is at t r ibutable  t o  "fixes." Fences, f o r  example, are hewn from 
low-speed investigations t o  result in canaiderable improvements i n  
s tab i l i ty .  More recently,  chord-extensians have indicated  considerable 
promise a t  low speeds. Some recent r e s u l t s  have been obtained on the 
reTative effects of fences and chord-extensions at high subsonic Mach 
numbers and the resul ts  of one such investigation are shown in f ig-  
ure  13. The investigation described in figure 13 was conducted on a 
sting-supported model in   the  Langley highyspeed 7- by 10-foot tunnel at 
a Reynolds number of 3.8 milli'on (unpublished). The par t icular  chord- 
extensions used were determFned from extensive low-speed €nvestigations 
on t h i s  wing. It will be observed. that at  M = 0.8 the shgle  fence 
was nearly as good as the.chord-extension in Improving the character- 
i s t i c s  up t o  a lift coefficient of 0.8 but, a t  higher l i f t   coe f f i c i en t s  
and especially  at   higher Mach numbers, the chorC-extensfon was more 
effective. Data (fig.  14) f o r  a very similar wing but with a 0.15~ chord- 
extension were obtained at 8 Reypol.de nmibbr of 6 x 10 in the Langley 
16-foot  transonic  tunnel  (mpublfshed) A t  M = 0.8, ' the improvement 
6 
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obtained  with  the  chord-extension W ~ S  remarkable  and,  although  the 
benefits  of  the  ChOrd-eXtensiO?2 were  less  at  high  Mach  numbers, some 
improvement  is  still  evident  at a Mach  number  of 0.98. 
Inasmuch as the  nose-flap  results  discussed  earlier  showed  perform- 
ance  gains,  the  effect of chord-extensions  and  fences  was  also  investiga- 
ted  in  the  Langley  high-speed 7- by  10-foot  tunnel  Kith  nose  flaps  deflec- 
ted  on  the  sting-supported  model  described in figure 13. The  results of 
the  nose-flap  study  are  shown  in  figure 15 and it will be  observed  that 
the  model  is  the  same  as  that  described  in  figure 13, exc pt fo r  the 
0.20~ leading-edge  flaps  that were drooped 6O. A comparison  of  the 
pitching-moment data with  that  of  figure 13 shows  that  the  nose flaps in 
themselves  are  relatively  ineffective  in poducing any improvements  in 
stability  but  that some improvement was obtained  with a chord-extension 
o r  a fence. .In general,  the  chord-extension was more  effective  than  the 
fence  for  the  wing  regardless  of  whether  the  nose -8 drooped or not. 
. 
The  effect  of  the  chord-extensions on the maximum lift-drag  ratio 
of  this  model,  both  with and without  nose  droop,  is  shown  in  figure 16. 
Of  particular  interest  is  the  fact  that  whereas  the  chord-extension on 
the flat wing decreased the (L/D), at the higher Mach number for the 
flat  wing,  the  chord-extension on the wing with  nose  flaps  actually 
increased  the (L/D), throughout  the  Mach  number  range.  Although 
these  arrangements  are  not  considered  optimum,  they do indicate  one 
possibility  for  improving  both  the  performance and stability  cf  swept 
wings.  At  the  present  state of our  knowledge,  these  devices  nust  be 
explored  individually on each  wing  for  which  they  are  proposed. 
&su& 
In brief s~mmary, data  have  been  presented  which  indicate  that: 
1. Swept  wings  having  appreciable  tager  in  thickness  appear to h ve 
characteristics similar to  those  which would be  expected  f’rom.3  similar 
wing of constant  thiclcness  ratio  equal to the  root-mean-square  thickness 
ratio of the  tapered wing. 
2. The  maximum  lift-drag  ratios  of  sweptback wings can  be  improved 
by  the  judicious  addition of camber and twist up to a Mach  number of the 
order of 2.4. 
3. The unstable  pitching-moment  variation  developed  by  swept  wings 
at  high  lift  coefficients  is  characteristic  throughout  the  subsonic  and 
transonic Mach number  range,  although  the  severity  of  this  effect 
appeem to be  somewhat  diminished-at  transonic  speed6  partly s a result 
of  the  rearward  movement of the  aerodynamic  center. 
2P 
t 
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4. Arrangements of fences and chord-extensions can be developed on 
par t icular  swept wings which materially improve the stabilfty character- 
i a t i c s  a t  high speeh without excessive loss i n  performance. 
Iangley Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 
Langley Field, Va. 
10 NACB RM L52Al.5 
RFlFEREp3cES 
1. Bielat,  Ralph P., Harrison,  Daniel E., and  Coppolino,  Domenic A . :  
An Investigation  at  Transonic  Speeds of the  Effects  of  Thickness 
Ratio  and of Thickened  Root  Sections on the  Aerodynamic 
Characteristics of Wings  with 47O Sweepback,  Aspect  Ratio 3.5, 
and  Taper  Ratio 0.2 in the  Slotted  Test  Seckion  of  the  Langley 
8-Foot  High-speed  Tunnel.  NACA RM L51IOh, 1951. 
2. Campbell,  George S.: A Finite-Step  Method  for  the  Calculation of 
Span Loadings of Unusual Plan Forms.  NACA EM L5lL13, 1951. 
3. Harmon,  Sidney M., and  Jeffreys,  Isabella:  Theoretical  Lift  and 
Damping in Roll of Thin Wings  With  Arbitrary  Sweep  and  Taper  at 
Supersonic  Speeds.  Supersonic  Leading  and  Trailing  Edges. NACA 
TN 2114, 1950. 
4. Malvestuto, Frank S., Jr., and Homer, Dorothy M.: Lift  and 
Pitching  Derivatives  of  Thin  Sweptback  Tapered Wings with Spanwise 
Tips  and  Subsonic  Leading  Edges  at  Supersonic  Speeds.  NACA 
TN 234, 1951. 
5. Morrison, Wiliam D., Jr., and  Fournier,  Paul G. : Effects of 
, Spanwise  Thickness  Variation on the AerodpamiC Characteristics 
of 35' and 45' Sweptback  Wings of Aspect Ratio 6. Transonic-Bump 
Method. NACA IFI L5lD19, 1951. 
6. Pepper,  William B. : The  Effect on Zero-Lift Drag of an Indented 
FuselaBe  or a Thickened Whg-Root Modification  to a 4 5 O  Sweptback 
Wing-Body  Configuration  as  Determined by Flight Tests  at  Transonic 
Speed.  MclCA €M L51F15, 1951. 
7. Margolis,  Kennet'h:  Supersonic  Wave Drag of Sweptback  Tapered Wings 
at  Zero  Lift.  NACA TN 1448, 1951. 
8. Beane,  Beverly:  The  Characteristics  of  Supersonic  Wings  Having 
Biconvex  Sections.  Jour.  Aero.  Sci., vol. 18, no. 1, Jan. 1951, 
PP. 7-20. 
9. Polhamus,  Edward  C. : Summary of Results  Obtained  by  Transonic-Bump 
Method  on  Effects  of Plan Form and Thickness  on  Lift and Drag 
Characteristics  of  Wings  at  Transonic Speeds. M C A  RM L5lE30, 1951. 
10. Wood, Raymond B., and  Fleming, Frank F.: A Transonic-Wing  Investi- 
gation  in  the  8-Foot  High-speed  Tunnel  at Bigh Subsonic  Mach 
Numbers  and  at a Mach  number of 1.2.  Wing-Fuselage  Configuration 
Having a Wing of 60' Sweepback,  Aspect  Ratio 4, Taper Ratio 0.6 
and NACA 65~006 Airfoil  Section.  NACA RM L50J25, 1951. 8 
NACA RM L52AI-5 CI 
11. Johnson, Ben H., Jr., and Shibata,  Harry H.: Characteristics 
throughout  the  Subsonic  Speed w e  of a Plane Wing and of a 
Rbf A5m27, 19%. 
f Cambered  and  Twisted Wing, Both  Having 45O of Sweepback. NACA 
LL 
12. Spreemann,  Kenneth P., and Alford, William J. , Jr. : Investigation 
of the  Effects of Twist and Camber on the Aerodynarnic  Character- 
istics of a Sweptback  Wing of Aspect  Ratio 2.98. Transonic-Bump 
Method. W C A  FM ~51~16, 1951. 
13. Olson, Robert N. , and  Mead,  Merrill H.: Aerodynamic  Study  of a Wing- 
Fuselage  Combination Ebploying a Wing Swept Back 6 3 O .  - Effectiveness 
oT an  Elevon as a Longitudinal  Control and the  Effects  of Camber 
and  Twist on the Maxinun Lift-Drag Ratio at  Supersonic  Speeds. 
NACA €24 AWA31a, 1950. 
14. Brown, Clinton E. , and  Hargrave, L. K. : Investigation of M i n i m u m  
Drag and Maximum Lift-Drag  Ratios of Several  Wing-Body  Combinations 
Including a Cambered  Triangular  Wing at Low Reynolds  Number and at 
Supersonic  Speeds. U C A  €M L51EllJ  1951. 
. 
12 NACA RM L52A15 
.04 
0 
8 
4 
t / C %  
FT  H S T  S PT )- RNS2.;:::
x.0.2 
Q 
r 4  FT SSPT 
r I I , .s 1.0 1.5 NACA 65-SERIES AIRFOIL (MODJ 
0 .5 1.0 1.5 
M 
Figure 1.- Effect of thickness and thickness  distribution 
on lift,  characteristics. A = 3.5. 
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Figure 2.- Effect of  thickness and thickness  distribution 
on lift  characteristics. A = 6.0. 
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Figure 3.- Effect of thichess and thickness  distribution 
on  the pitching-moment  and lateral  center-of-lift 
characteristics. A 6.0. 
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Figure 4.- Influence of aspect ratio, thickness r a t i o ,  and 
sweep angle on the type of transonic lift-slope variation. 
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Figure 5.- Influence o f  thickness and"kichess distribu- 
t i on  on minimum drag. A = 6.  
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Figure 7 .- Effects of  sweep angle on minimum-drag 
characteristics. A = 3.5. 
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Figure 8.- Correlation of wave drag a t  low supersonic speeds. 
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Figure 9.- Mach number effect on the pitching-moment char- 
a c t e r i s t i c s  of a number of swept wings. 
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Figure 10.- Comparison of pitching moment and l i f t -drag 
ratios of a f l a t  and a twisted and cambered.-. 
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Figure 11.- Summary of e f fec ts  of  t w i s t  and camber on the 
performance of swept w i n g s .  
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.. Figure 12.- Relatiye improvement in (L/D), of flat 
u b g  at t r ibutable  t o  nose-flap deflection. 
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Figure 13.- Separate  effects af chord-extensions  and  fences 
on the  pitching-moment  characteristics. RN = 3.8 x 106. 
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Figure 14.- Effect of chord-extensions on the  pitching- 
moment  characteristics of a swept King at transonic 
speeds. RN = 6.0 x lo6. - 
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Figme 15.- Separate effects of chord-extensions and fences 
on the pitching-moment  characteristics  of a wing with 
nose flaps. RN = 3.8 x lo6. 
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Figure  16.- Effects of chord-extensions and nose f laps 
.on (L/D)-. 
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